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CLEMENTI~nE: A PERSONAL PERSPECTIVE

AGENDA:
- PROGRAM OVERVIEW

-  KEY MANAGEMENT ISSUES
-  PROGRAM MANAGEMENT
-  PROJECT MANAGEMENT
- PERSONAL OBSERVATONS

- RECOMMENDATIONS FOR FUTURE "FASTER, CHEAPER,
BETTER"







Natonal aeronautics and oo TILOTTTT ettt
Space Admunustration

wastington. D C.
20546

Otlice olthe Agdmunsirator

Sept enber 25, 1990

Honor abl e Donald J. Atwood

Deputy sSecretary of Defense
Washi ngt on, DC20301

\ -
Dear M. \:«20%2:

The purpose of this letter is to suggest that joint
di scussions be initiated between our org?nluzatlo{\angb?Htat YPHL

“Brilliant Pebble” spacecraft program nder s
Strategic Defense Initiative Oganization plans test flights of
the Brilliant Pebble, and we would ‘like to explore with you

whet her such test flights could be designed to also yield
useful science.

NASA's O fice of Space Science and Applications has been
studying the use of small, high performance spacecrr]aft for a
nunber of intriguing mssions---for inst ance., tont(): arrgct erize
the yet unexplored near-earth asteroids. e onboa
propul si ve, conputational , and navigational features of the
Brilliant Pebble suggest interesting science m ssion
appl i cations.

If you are interested in this idea, 1 SVUS9€ss we designate

points of contact to pursue it further. The NASA poi nt Ofﬁ
contact is Dr. Dudley McConnell, 0 can be reached at (202)
453-1587.

Si ncerely,

Richard H. Tr
Admiiniisttrattor

b e






Lightweight Components:

Interception:

Interstage & Kick Motor
Experiment:

Earth Flyby Experiment:

Autonomy:

Radiation Exposure:

Demonstrate BMDO Lightweight Technologies In
Stressing Environments

Treaty Compliant Asteroid Intercept At Rea is ic
Velocities Using Ground Based Radar (GBR) Inp 1ts

Provided By NASA

Treaty Compliant Cold Body Detection, Acquisition,
Ranging, Imaging & Tracking
Hot Body Detection, Acquisition, Ranging, Imaging &
Tracking During Earth Flyby After Lunar

Mapping Phase

Autonomous Navigation & Spacecraft Operation
Demonstra ion During Selected Mission Phases

Advanced Micro-electronics Experiments &
Radia ion Environment Characterization

For Official Use Only
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AV Thruster

Power Controi &

e

Unit (2) Pressurant Tank

(2)

13
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i Qnararraft

Groind Seament _

, TARM S10M

$20M

r

Small Government & Industria Team

Yixed Price Contracts For “Standard”
Components :

Industry Skills & Cadre Via NRL’s
Support Contracts

Integ -ation & Test In NRL Faci ities

oo [
oG V6

Industry
Hardware
28%

$55M Spa

C

ecr

aft & Gr

Industry Labor
56%
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CLEMENTINE

DEEP SPACE PROGRAM
SCIENCE EXPERIMENTS

ENABLING
TECHNOLOGIES




* First Operational Spaceflight Use

.

Flight Qualifies 15 Ampere-Hour Battery Design Using Unique Containment & mm:mv\mg:ﬂ

NiH, Independent Pressure Vesse (IPV) First Flown In 1976

Over 2500 NiH, IPV Battery Ce Is In Use On DoD & Indus ry Sateliites

-

NiH, CPV Battery Offers Twice The ’cwer & One-Half The Mass Of IPV Batteries

e VidTerm Solution For High Energy, Low Volume/Mass & High Cycle _ife Requirements

. Preferred DI G A
. Ni , CPV Battery Provides > 47 W-l/kg
. Only Sodium Sulfide Or Lithium-Ion Batteries Exceed NiH, Capabilities (Both Are Under
Development To Provide Far-Term > 100 W-h/kg)
| Candidate Configuration Volume | Mass | W-H/kg
. Battery (cm3) (kg)
|__Systems
NiCd 22 Cells 5,112 17.0 26.5
!
NiH2 22 Cells (IPV) 49,685 |19.7 22.8
NiH2 11 (2 Cell IPV) 19,271 16.5 27.4
NiH» m 1 Cell (CPV) 10,160 9.5 471




* First Operationa Spaceflight Use
- Flight Qualified Design Offers Decreased Weight & Increase In Energy Capability Over Silicon

. Thinnest (0.0055”) GaAs/ Ge Solar Cells Flown To Date

. Suitable For High Energy & Low Mass IEnergy Requirements
*  Only Thick (0.008”) GaAs / Ge Cells Have Flown In Space (Classified Program)
* Thin GaAs/ Ge Solar Cells Developed Under MANTECH Program @ AFWAL

RS AR AL AL A AL AL LA LRSS AL TAA NN A A

Candidate Solar Cell W/ m2

Systems
Silicon 170
-Gallium Arsenide On
Germanium (8.0 mil) 202

Gallium Arsenide On
Germanium (5.5 mil) 202




* Demonstrates Flight-Qualified MIL

STD-1750A & Full 32 Bit RISC Processor Architectures

. First Flight Use Of 32 Bit RISC Processor .
. Multiple Processors Configured For Increased Fau.t Tolerance & Radiation Immunity

. Upgradeable To RH3000 (20

I§

MIPs /7 MFLOPS) & RH6000 (40 MIPS /20 MFLOPS)

l Parameter RH1750 UTMC69 R3081 32 Bit
Chipset -RG00 RISC Processor
Processor
Commana & Primary - Backup
Telemetry
Housekeeping Primary - Backup
Data Backup Primary Sac'xup
Formatting &
Sequencing’ d
Image - Controls Backup
Compression JPEG
“Chipset
Optical Sensor - Primary Backup
_Controiler
Image Star Tracker - Primary
Precessing Oonly
MIPS 1.7 8.0 18
MFLOPS 0.7 0 3.5
Radiation >100 k >100k . >15 K
Immunity
(Rads (SI))
Mass (q) . 500 500 500
Comments Advanced Mil-| 16 Bit Commercial 32
Std-1750A RISC Rad- | Bit RISC
Architecture | Hard Micro | Processor
_ Controller

DSPSE
SPACECRAFT
CONTROLLER
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[

[ 253

1st Orbital Flight Qualification Of Lightweight nertial Measurement Units

Spacecraft Incorpo

Incorporate Lightweight Packaging & Applications Specific Integrated Cire

]

Weight Reduction Over Existing IMUs

=4

Radiation-Hardened Ummmm:m_ To 10 KRads(Si)

Ring Laser Gyro

Parameter RLG IFOG
Bias - Long 1.0° 1.0°
Term (deg/hr)

Scale (ppm) _ <0 =3
Random Walk 125 .005
(deg/root-hr)

Size (cm) 7.7 Dia x 12.7 8.9 Diax 7.9
Volume (cm3) 2310 1950
Weight (g) 500 650
Power (W) 11 10

rates Ring Laser Gyro (RLG) & Interferometric Fiber Optic Gyro (IFOG)

uits (ASIC) For 2:1

Interferometric
Fiber Optic Gyro
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[

® 1st Spaceflight Use

® Reduced Weight (~ 40%) Over Conventional Pyrotechnic Ordnance & Harness

* Electric Heater Drives Shape Memory Alloy Actuator That Elongates & Breaks

Notched Bolt Held In Tension

Advantages:
* Non Explosive, High Strength
Release Mechanisms

* Eliminates Safety Concernsof
Explosives

.Improved Reliability With No
Sliding Friction & No Explosive
Charge

Reduced Ground Flow Testing &
Handling

* Simplified Control Electronics

SETARATION vr>2m/

SMA ACTUATOR

HIGH STRENGTH ALLOY
NUTS, BOLT & WASHERS

NOTCH PROVIDES
CoNTROLLED SEPARATION

INTEGRAL ELECTRONIC
HEATER/ INSULATION
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Star Tracker Camera

Stellar Compass/Spacecraft Navigation
Very Wide Field of View Camera

-
=

Tnis unigue unaging Star Tracker provides an inertiar ieference
for the spacecrait by comparison of star field with an on-voard
ntine

P o

Siar inap. wo of ihese cameras are tlown on Cle

\./

iviass: 290 grams
S=e: 12x12x14cmn
Power: 4.5 W

Field of View: 29 < 43 degrees
P-xel Format: 384 x 576




UV-Visible Camera

U traviolet (Vis ble Imager with

Wide Field of View

This medium resolution camera uses Silicon CCD technology
and operates in the near ultraviolet and visible region of the
spectrum. Combined with a six position spectral filter wheel,
this sensor is suitable for remote sensing applications.

Mass: 410 grams

Size: 0.5x12x16 cm

Avg. Power: 4.5 W

Wavelength: 0.3-1.0 microns
Field of View: 4.2 x 5.6 degrees

Cixel Format: 384 x 288

Fgarth gt 190 0NN km

o lle~ Positions

mmoow>»

415 nm (40 nm width)
750 nm (10)

900 nm (20)

950 nm (30)

1000 nm (30)
Broadband

r,

mm::_w _<_o~u:

Alt: 2170 km
Lat: 82°N
Long: 105°E

Time: 21:40:21 UT (2)
Date: 19 Feb 1994




< gh Rasolution Camera

- Integrated High Resolution Visible Imager
. Camera and Laser Transmitter Produce
Laser Ranging

This camera operates at visible wavelengths with Silicon CCD
recnnoiogy combined with a compact ightweight image intensifier

and a six posiuoin spectiai hiller whedi piovides ghnei 1esiiuion
Hiages.
Mass: 1120 grams
Size: 17 x 18 x 36.5 cm
Avg. Power: 10 W
Wavelengths: 0.4-0.8 microns
Field of View: 0.3 x 0.4 degrees
Pixel Format: 384 x 288
Focal Plane Array: Silicon CCD
Filter Wheel: 6 Pos tions
A- 415 nm (40 ne» width)
B: 560 nm (50)
C: 650 nm 3O ___
>- 7% nm (50) @
€. 65 nm (350
<- Opaque
Alt: 2170 km
Lat: 82°N
Long: 105°E

Earth's Moon

15.2 km -




Laser Transmitter

High Resolution Altitude Measurements

A compact lightweight diode pumped Nd infrared laser was produced
by McDonnell Douglas Corporation to provide the high energy pulses
needed for ranging at lunar distances. This system will be used to
obtain altitude measurements during mapping orbits around the
Moon. The optics of the High Resolution Camera also are used as
the input of a laser ranger altimeter.

Mass:
Transmitter 640 grams
Power Suppy 615 grams
Size:
Transmitter 4x10x22cm
Power Supply 2.5x10x16cm
Laser Type: Diode-Pumped Nd:Y AG
Pulse Energy: 0.18 Joule
Pulse Length: 10 nsec
Repetition Rate:
Continuous 1 Hz

Burst 8 Hz




Near Infrared Camera

Images in the Near to Short-Wave nfrared

This camera, produced by LLNL and Amber Engineering, uses a
cooled InSb array to provide images in the 1 to 3 pm wavelength
region at medium resolution. Combined with a six position spectral
fiter wheei, tnis camera extends remote sensing into the near

nrared.

™mass: 1920 grams
Size: 11.5 x 12X 37 cm
Avg. Power: 21.5W
Wavelength: 0.9-3.1 microns
Field of View: 5.6 x 5.6 degrees
Pixel Format: 256 x 256

Focal Plane Array: InSb (Amber Engineering
Integral Ricor Stirling-Cycle Cryocooler
Filter Wheel: 6 Positions

1100 nm (60 1 w dth)
1250 nm (€0)

1500 nm (€0) _
2000 nm (€0)

2600 nm (60) Y
(120)

Filter: 1100 nm
Altitude: 2170 km
Lat: 82°N
Long: 105°E




‘ong Wavs Infrared Camera

Images in the Long-Wave Infrared

This camera, produced by LLNL and Amber Engineering, used
current Mercury Cadmium Telluride array technology to provide a
:@3?<9@:ﬁomzdmawonmﬁm::@wsﬁ:mﬂjmﬁ:m:w::mﬂmcﬁm@:xqoﬁﬁjm

spectrum.

Mass: 2100 grams
Size: 15x15x40cm
Avg. Power: 26 W
Wavelength: 8.0-9.5 microns
Field of View: 1.0 x 1.0 degrees
Pixel Format: 128 x 128

Focal Plane Array: HgCdTe (Amber Engineering)
Integral Ricor Stirling-Cycle Cryocooler

-z

Altitude: 217Ckm
Lat: 82 °N
Long: 105°E

Earth's Moon




Interstage Adapte>

Um_o_v ,wwmno Network

Madrid, Australia & Goldstone

Mission Sensors Mission Operations Center




Clementine _Bmmmé

Alt. 2170 km: Lat — 82°N; Long - 104.6°E; Orbit#1; Time 21:40:20 ANV Date ¥ © 19, 94

U.S. Geological Survey

C<\<.m_¢_m r:mwm

Lunar Zolr vo_m Map

Zwm_\ Infrared Image

High Resolution |
Image

Infrared Image
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CLEMENTINE ENGINEERING TEAM

OBJECTIVES:

EVALUATE ENVIRONMENTAL EFFECTS ON LIGHTWEIGHT
BMDO SPACE TECHNOLOGIES

DEMONSTRATE APPLICABILITY OF BMDO SENSOR
TECHNOLOGIES TO NASA MISSIONS

TEST DETECTION AND ACQUISITION CAPABILITIES AT
REALISTIC VELOCITIES USING CELESTIAL BODIES AS
TARGETS



CLEMENTINE ENGINEERING TEAM

APPROACH:

. HHmH ADVANCED, LIGHTWEIGHT SDIO TECHNOLOGIES:
UV/VIS CAMERA WITH WIDE FIELD-OF-VIEW (FOV)
. IR CAMERAS (SWIR 1-3 MICRON WIDE FOV, LWIR 7-9
MICRON WITH NARROW FOYV)
- LIGHTWEIGHT LIDAR FOR PRECISION RANGING AND
IMAGING
- WIDE FOV STAR TRACKER FOR NAVIGATION

EVALUATE ADVANCED, LIGHTWEIGHT SPACECRAFT

COMPONENTS:

- IMUS (JFOG AND RLG)

- DATA COMPRESSION CHIP

- ADVANCED GaAs/Ge SOLAR ARRAYS

- LIGHTWEIGHT REACTION WHEELS

- NiH2 CPV BATTERIES

- ADVANCED R-3000 32-BIT MICROPROCESSOR
- ADVANCED SOLID STATE DATA RECORDER
- COMPOSITE STRUCTURES/MATERIALS




THE CLEMENTINE ENGINEERING PROGRAM

APPROACH (CONT.):

EVALUATE RADIATION ENVIRONMENT EFFECTS:

. TOTAL DOSE FROM TRAPPED RADIATION (~105 RADS ON
CLEMENTINE INTERSTAGE)

- DIRECT EXPOSURE TO SOLAR FLARE PROTONS

. DIRECT EXPOSURE TO BACKGROUND GALACTIC COSMIC
RAYS

.  EVALUATE MICROMETEOROID AND SPACE DEBRIS

ENVIRONMENTS:
. MEASURE SUB-MICRON SPACE DEBRIS ENVIRONMENT

FROM ~300 TO ~30,000 KM
. MEASURE SUB-MICRON METEOROID ENVIRONMENT FROM
~60,000 TO ~170,000 KM

e EVALUATE THERMAL AND VIBRO-ACOUSTIC ENVIRONMENTS:
. MEASURE OPTICAL JITTER/POINTING ACCURACY
_ STUDY I©ONG TERM SYSTEM DEGRADATIONS DUE TO
THERMAL CYCLING




CLEMENTINE ENGINEERING EXPERIMENTS

CLEMENTINE SPACECRAFT:
- NRL DOSIMETERS (x4)
- AEROSPACE CHARGED PARTICLE TELESCOPE
- JPL RRELAX
«  RADIATION MONITORS (SEU/TID)
« CMOS DUT
« CCDDUT
- SOLID STATE RECORDER

INTERSTAGE SATELLITE (ISAS):
- NRL DOSIMETERS (x2)
-  JPL RRELAX
«  RADIATION MONITORS (SEU/TID)
CMOS DUT
- CCDDUT
-  NRL DUT
EEPROM
FPGA
- SRAM
-~ LRC ORBITING METEORSID AND DEBRIS COUNTER (OMDC)




IN"ERSTAGE




* Supports Long Term Radiation Experiments

. Characterize Natural Radiation
Environment In Baseline Mission Orbit

. Micro-Electronics Experiments

. Particulate & Debris Experiments

Interstage Adapter

APOGEE
% v ~ 172,000 km
Command / Telemetry @ 1 Kkbps
PERIGEE ~2000 nm to ~20,000 nm
~ 350 km
\ ORBITAL PARAMETERS
\ COMMAND & CONTROL 67" Inclination .
Blossom Point Satellite Tracking Facili: 72 Hour Period
om Poi i ing Facili.y 450 Day Life

48' VHF Uplink & VHF Downlink
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TH= CLEMENTINE SSDR

TOPICS:

DESCRIPTION OF SSDR
« RECORDER OPERATION
SINGLE EVENT UPSET RESULTS




4x More Data Storage (2 Gb) Than Any Previously Flight Qualified Solid State Recorder

. High Reliability Via Redundancy Error Detection And Correction (EDAC) With Active Fault
Management & Built-In Test (BIT)

. High Data Throughy (> 20 Mb/s) With BERs < 1071

. Tvolation: oy Design Using Commiercially Available 4 Ml DRAMS Hybrid Package

. Low Cost {(<$1.0 Mill)
Next Generation System Implements High Density Interconnect (HDI) Multi-Chip Modules (MCM)
Packaging |

. Radiation Hardened Application Specific Integrated Circuits (ASIC) Provide 5:1 Power/Area & Cost
Savings Over Programmable Logic Arrays Used In Other Designs
Higher Density & Greater Reliability Using Commercially Available 16 Mb DRAMS

Radiation Tolerant > 100 KRads (Si)
. 8.0 Gb/s Capacity; 1640 cm® Size

.

Capacity 20Gh |
Size | 2130 emS
Weight | 3.4 kg |
Reliaoniity “ 0.99 (1 Year) |
Power ,
Maximum 15 Watt
Stanabs , <. Watt

30 kRads (St

“Radiation Tolerance ,
4 Mb DRAMS |

Memory
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THE CLEMENTINE SSDR

HITACHI 4 MBx1 DRAM CROSS SECTION:

L PSET CROSS SECTION (cm®/bit)

1078

WEIBULL FONCTION
o= A(1-exp(-((L-B)/C 7)

-4
@)
1 +
~
T T T

S
(0]
A

% UPPER CURVE

. A= 3 44E-8 cm?/bit
o B=15 MeV/(mg/cm?)
s C=46
;o D=10

LOWER CURVE
A=3.44E-8 cm</bit
B=19 MeV/(mg/cm?)
C=456

D=10
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RASIATION EFFECTS O~ THE SSDR

ISSUE:

SOLID STATE DATA REGORDER (SSDR) BEHAVIOR WILL=E
CORRELATED WITH RADIATION ENVIRONMEBENT AND/OR
UPSETS ON OTHER SYSTEMS TO DETERMINE ITS
PERFORMANCE AND ITS ERROR DETECTION AND
CORRECTION CAPABILITIES.

OBJECTIVES:
RECORD SEU RATE FOR SSDR AS FUNCTION OF ENVIRONMENT.

VERIFY INTERNAL ERROR DETECTION AND CORRECTION
(EDAC) PERFORMANCE.

.UMHMWZHZHwWOZHZ-mHHGU\?H?mmUWFEA@w%HZ@%G%
- TRANSFER CROSS SECTEON PER MEMORY =IT.




INTEGRAL. SSDR SE Us

SSDR INTEGRA._ AONS DAOILY SEO RATES

Sooco ] s |INTEGRAL SEUsS ﬁ gmo
] — SEUs/Day _ ”
ﬁ __ go
L _ %L_%% >
. ;.o
u J r
“ ! &3 “’— 1 Amo
| ) :
400D \J ? . mo
\ < ( ,mo
] 7 ‘ ﬁ
260D - . ~ AO
Jom | |
o ] | , ~ ﬂ _ ﬂ ﬂ _ N . . . . , 1 O
25 45 65 85 105 125 I

DAY OF YEAR (JAN 1= 1)
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Lunar Orbit Operations

24
_ Aposclene 26 > /« *
~ Apose

».  Spacecraft Sunset /U'

3 Spacecraft Sunrise

4 LWIR Cryo Cooler On
mHZEOJ\oOoo_mnO:
?
J

LWIR Camera On 1
Wideband Dump A
Complete, End DSN 2
Tracking
8 Turn .O: HiRes ,NIR & fmm/%/m
' UV/Vis Cameras M%;W/// \
5, Begin LWIR Imaging M@%///W/ﬁ// ..
in Hi v R
1, mmms.m_wmm , NIR & . N %%/ﬁ////ﬂ
UV/Vis Imaging \ N ikt
_ LR T
©. LWIR Camera Off .
. Turn On Transmitter R SRS SRR :M.,%M,/%A
. : TR, ¢
| For Omni Downlink \ /WM,/MM,.
3. Begin Laser Ranging y/%w%/ﬂ////.. 15
14" Periselene TTIITNhHN
b . AN
15. End Laser Ranging - ///y,m, ﬁ%&%w
16. End NIR & UV/Vis 22. Begin UV/Vis & Star N
Imaging & Turn Off Tracker Auto Nav AR 14
NIR Camera & NIR Imaging SouthPole & /
Cyro Cooler ) . outhPole
T 23. End UV/Vis Imaging & 3 13
17. LWIR Camera On Turn Off UV/Vis Camera
18.  Turn Off Transmitter &
Discontinue Omni 24. Perform Momentum 4 ,
Downlink Dumps As Required 5 12
19. Begin LWIR Imaging - . . . 6 11
: . . i n
20. End HiRes Imaging & 25 Mw.mwﬂ%: Gain Antenna 78 9 10
Turn Off HiRes Camera Tick Marks @ 5° Ch , .
1 End LWIR Imaging &  26. Begin Wideband Data ick Marks anges n Latitude
Turn Off LWIR & Dump & DSN Tracking

LWIR Cooler

DSPSE lnuo/ISACDR 14




LLanar Orbit Ilumination

Leave Lunar
Orbit
3 May 94

7

| Note: This Assumes Lunar Mapping Phase To Begin On 20
4 Hﬂwv 94. From An Operations Standpoint, Will Have
A 5- U Checkout Period Prior To Beginning Lunar

< 3
ko
£
]
"CJ
UQ

v=-31°22 Apr
v = -4° On 24 Mar - 1st Pass Complete

.

’ Thus y=21° On 25 Feb - Start Mapping
| v=-31° On 22 Apr - Mapping Complete

= -4° 24 Mar 94

ekl
; Lunar Orbit Insertion
vy =26°20 Feb 94

35 Soe vew

>— v =kt Plane Sun Ang e (OPSA)

[ lal-Rre-]

Nsva Research Labora . ory
Washington, DC

940419 Singie Ellecls Symposium



~UNAR ORBIT VARIATIONS ~
SSDR ERROR RATE

200

180

p]

-
(e))
C

© - .
S 140 - o, Xy
T N N
+ o — N v\ y oy — 2.
£ 120D .\q&% —— 2 < ANGLE AROUND
= 3 % " EARTH'S ORBIT
» 10033 FROM FULL MOON
o 5 ~ 4
W 80 \ —_ 0-45
14 .
D 7 - m 1 l
$ 60 ] 45-Go
40 = 90-135
20 4 — 135-180
o J_ﬁ\- T1i1i TR . § L S T 57 & ¥ T 111 T1T 17 T35 L L

JT o4 o2 03 04 05 06 07 08 09
Time (Fraction of Orbit) After South Pole Passage




CLEMENTI~nE So.ID STATE DATA RECORDER

CONCLUSIONS:

e NO OBVIOUS CORRELATION WITH HIGH ENERGY PROTONS OR
TRAPPED RADIATION ENVIRONMENT

e BACKGROUND SEU RATE OF ~70/DAY ATTRIBUTABLE TO
BACKGROUND GALACTIC COSMIC RAYS

- PEAK SEU RATES OCCUR AT BEGINNING/ENS OF LUNAR
OPERATIONS MAY BE RELATED TO MISSION OPERATIONS

e ORBITAL VARIATION NOTED DURING LUNAR MAPPING MAY BE
RE_ATED To GALACTIC CoSMIC RAYS

e ~NO KNOWN ESFECTS ON MISSION PERFORMANCE SUE To
UPSETS IN SOLID STATE DATA RECORSER




WHAT DID CLEMENTINE REALLY
ACCOMPLISH?

SCIENCE:

FIRST COMP._ET= GLOBAL MAP OF _UNOR ROCK TYPES ANS GEOLOGY OF
POLAR CAPS AND FARSIDE ~2 M SiIG TA- PHOTOS iN ~2 MONTHS

. DISCOVERED DEEPEST BAS N IN SOLAR SYSTEM, THE 12-14 KM DEEP
SOUTH POLE AITKIN BASIN

. MAY HAVE DISCOVERED EV DENCE FOR WATER AT LUNAR ICE CAPS

ENGINEERING:
e  SPACE TESTED OVER 20 ADVANCED BMDO SPACE TECHNOLOG ES

. VALIDATED USE OF COMMERCIAL ("PLASTIC") COMPONENTS AND
- COMMERCIAL OFF-THE-SHELF SYSTEMS

. TESTED NEW SOFTWARE CONCEPTS (SCL)

PROGRAMMATIC:
«  VALIDATED "CHEAPER, BETTER, FASTER" MANAGEMENT STYLE
«  DEMONSTRATED THAT DOD AND NASA CAN WORK TOGETHER

-




